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has demonstrated that molecular substances and colloidal particles,

intraperitoteal injection of a mixture of such as bacteria, are similarly absorbed from

Estherichia colj and hernoglobn produces a the peritoneum through the diaphragmatic

lethal peritonitis, whereas E. coli or hemo- lynp)hatics. Therefore, a study of the perito-

globin injections singly (1o not ' Cham - neal absorption of a nonliving macromolecu-

teri/ation of the role of hemoglobin in thiq lar substance wuld provide data to sub-

situation is highly desirable. Among many stantiate the bacteriological results obtained

postulates is the possibility that hemoglobin in the first series of experiments. Moreover,

retards the clearance of organisms fromn the if one uses a material which can be simply

peritoneal cavity. This, in turn, would isolate and accurately recovered and measured in
the organisms from many of the host's de- the blood, one can estimate peritoneal ab-

fense mechanisms to wlhich they would oth- sorption by the appearance of this substance

erwise be exposed upon their departure from in the blood. In this study, albumin of nor-

the peritoneal cavity. mal plasma was tagged with Evans blue dye

To test this hypothesis, two experimental in vitro. This tagged plasma was injected

approaches were utilized to determine the intraperitoneally, and its appearance mea-

clearance of bacteria from the peritoneum sured in the blood of animals which were

of animals subjected to E. coli peritonitis. previously inoculated with E. coil organ-
In the first series of experiments, bacterial isms in the presence and absence of hemo-

counts of peritoneal exudate were made at globin.

selected intervals following intraperitoneal
inoculation of a known number of organisms.

This would reflect not only the number of Experiment I. The absorption of bacteria

bacteria cleared from the peritoneum but was studied in this experiment by direct

also the number of new organisms which bacterial counts of the peritoneal exudate.

emerged in vivo. subswquent to the inocula- Twenty Walter Reed strain male white rats,

tion. weighing between 225 and 250 grams, were

In the second series of experiments, the used. Animals were divided into two equal

absorption of dye-tagged protein from the groups, half of which received an injection

peritoneal cavity was determined following of E. coli in nutrient broth, the other half

the establishment of the infection. Previous an injection oa E. coli plus 4 Gm. percent

studies'•. . •.". have indicated that large of hemoglobin itt nutrient broth. The prin-
ciples of laboratory animal care as promul.
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ical lR•earch wvere observed in all experi- possible contamination from the contents of
ments. the peritoneal cavity. Bacterial counts were

The E. coli suspensions were prepared performed by tube dilution and plating tech-
from stock culture of E. coli 01111:B4 by niques, as described for peritoneal fluids.
ino-'Lulating these organisms it, nutrient broth Experiment II. The absorption of plasina
ar.i incubating them at 37' C. for 18 hours, tagged with Evans blue from the peritoneal
The E. coli-homoglobir, mixtures were sim- cavity of rats was studied in this experi-
i!a:ly prepared. In this case, washed red ment. Tagged plasma was prepared by a
blood cells which were obtained froin nor- method described by Courtice and Steinbeck."
nrel rats were lysed with distilled water and Plasma obtained from normal rats wasutilized as a source of hemoglobin. The lysed tagged by the addiiton of I c.c. of 0.5 per-
red cells were placed into nutrient broth cent aqueous solution of E,-ns blue dye to

and the concentration of hemoglobin in the each 5 c.c. of plasma. All of the Evans bluebroth was adjusted to 4 Gm. percent as dye was attached to plasma p--oteins as

originally described by Davis and Yull.7 The shown by precipitation of the proteins with
hemoglobin-broth mixture was inoculated trichloracetic acid.
with the stock E. coil and incubated for 18 Walter Reed white rats weighing between
hours at 370 C. Animals were injected with 225 and 250 grams were placed in three
5 c.c. per kilogram of the appropriate E. coli groups of ten animals each. The rats in
suspension and, each hour for five hours, Group 1 were injected intraperitoneally with
two animals from each group were put to nutrient broth and served as controls; those
death. An additional two animals were ob- in Group 2 received an intraperitoneal in-
served until death or for 22 hours in the jection of E. coil organisms without hemo-
case of the nonlethal inoculation. globin; and those in Group 3, E. coli or-

Bacterial counts were performed on the ganisms with 4 Gm. percent hemoglobin.
inocula just prior to intraperitoneal injec- The inoculum was 5 c.c. per kilogram in all
tion by serial tube dilution and plating three groups. Two hours following these
(blood agar) in triplicate. The total number initial injections, 5 c.c. per kilogram of
of bacteria remaining within the peritone- plasma tagged with Evans blue dye was in-
um at the time of death was determined by jected into the peritoneum of the animals.
the method of Cohn." Normal saline (20 Animals were anesthetized with Nembutal,
c.c.) was injected into the rat peritoneum. 1 /2 hours following the tagged plasma injec-
By appropriate manipulations, the pertioneal tion and 3Y hours following the initial intra-
cavity was agitated for a period of two min- peritoneal challenge, and 5 e c. of blood was
utes to insure thorough mixing of the in- withdrawn from the aorta. A portion of the
jected saline with the peritoneal exudate. A blood sample was placed in a microhemato-
I c.c. sample was then withdrawn serially crit tube for hematocrit determinations, and
diluted. and bacterial counts were performed the remainder of the sample was centrifugcd
by standard putting technique. To obtain the for 20 minutes at 3,000 r.p.m. to separate
total bacteaial count, the number of bacteria th- plasma.
present in the I c.c. sample was multiplied The concentration of blue dye (tagged
by a dilution factor of 20. Since the total plasma) in the blood sample was determined
exudate in the peritoneal cavity at the time spectrophotometrically (625 mu) by micro-
of death never exceeded 2 c.c., and was usu- cuvettes with a 1 cm. light path. Samples
ally about I c.c., the maximum error by this were read against a saline blank and concen-
method was 10 percent. tration was calculated from a standard curve.

V-able bacterial counts were also ob- Samples which contained excessively high dye
tained on rat blood specimens. Heart's blood concentration were diluted with saline.
was obtained through the open chest at the Experiment III. This study was per-
time of death: care was taken to eliminate formed to determine the rate of absorption
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of tagged-plasma dye from the peritoneum Group 1, sterile nutrient broth; Group 2,
of a single animal at various times follow- sterile normal saline; Group 3, sterile nu-
ing the induction of peritonitis. Because of trient broth with 4 Gm. percent hemoglo-
the small size of the rat and the amount of bin; Group 4, an 18 hour culture of E. coil;
blood necessary to perform a single plasma Group 5, an 18 hour culture of E. coil which
Evans blue concentration, multiple samplings contained 4 Gm. percent hemoglobin. Hemo-

from the rat were impractical. Therefore, globin was derived from lysed dog red cells
the dog was used to :,tudy the relation of the as described in Experiment I, and the E.
uptake of tagged plasma ýo time. coli organisms were obtained from the stock

Mongrel dogs weighing between 10 and cultures and incubated as described above.
15 kilograms were an~esthetized with sodium Two hours following these initial injec-
Pentothal (0.5 c.c. per kilogram) after pre- tions, 5 c.c. per kilogram of plasma tagged
medication with 0.7 mg. of atropine intra- with Evans blue dye was injected through
venously. The external jugular vein was the indwelling polyethylene intraperitoneal

exposed and a large polyethylene cannula tube. No leak of tagged plasma or peritoneal
was passed down into the superior vena exudate occurred. The taggel plasma was
cava. The tube was tunneled beneath the prepared as in the rat experiments, except
subcutaneous tissues to the back of the dog's that normal dog plasma was used.
neck. The end of the tube was capped with Following the intraperitoneal injection of
a three way stopcock and filled with heparin- tagged plasma, 3 c.c. blood samples were
ized saline solution. This tube was used for obtained from the superior vena cava cathe-obtaining future blood sampling. A trochar ter and analyzed for hernatocrit and Evans
was inserted into the left upper quadrant of blue dye concentrations as in Experiment
the dog's abdomen. After removal of the 1I. Samples were drawn every hour for 5
stylet, a large-bore polyethylene tube was hours, and, in several of the animals, col-
inserted into the peritoneal cavity, the tro- lections were made at 8 and 24 hours after
char was removed, and the polyethylene the intraperitoneal injection of tagged plas-
tube was anchored to the abdominal wall. ma.
The animals were allowed to recover com-
pletely from anesthesia before studies were RESULTS
conducted. Experiment I. Bacterial counts following

The dogs were then divided into five the intraperitoneal injection of E. coli er-
groups of four dogs each. Through the in- ganisms, with and without hemoglobin, are
dwelling peritoneal tube each animal re- compared in Table I. There was an initial
ceived an intraperitoneal injection of 5 c.c., fall in total viable bacteria in each of these
per kilogram body weight of the following: two groups. However, after the initial drop

Table I. Bacteria present in the rat's peritoneal cavity following intraperitoneal
injection of E. coli with and without hemoglobin

Time after intra-Ii Experiment condition

peritoneal injection E. coli +
(hr.) hemoglobin E. coli

Number of bacteria injected 0 1.58 x 10" 1.43 x 10"
Number of bacteria in peritoneal cavity 1 0.86 x 10' 75 0 x 104

(each figure represents average value of 2 2.9 x 10' 19.3 x 106
2 animals) 3 4.7 x 101 9.8 X 106

4 6.1 x 109 8.5 x 106
5 10.2 x U0 108 x 106

22 1.0 X 109 10 y 10:

-- lI
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in counts, the . ,,imals which received E. is marked retardation of peritoneal absorp-
coli with hemoglobin rentained relatively tion in animals subjected to E. coli-hemo-
stable; more than 10" organisms were found globin (Group 3) peritonitis as compared
in the peritoneal cavity of all the animals. to those animals challenged with E. coli
There seems to be a slowly progressive in- without hemoglobin (Group 2). The ab-
crease in bacterial numbers in this group sorption of dye-tagged plasma in Group 2
throughout the remainder of this 5 hour was more than ten times greater than that
observation. Although the initial drop in found in Group 3. The highest plasma dye
bacterial count in the dogs which received concentrations were, as expected, in Group
E. coli without hemoglobin was the great- I. the nutrient broth control. The hemato-
est drop that occurred in the 5 hour period, crits were remarkably constant within each
the number of bacteria present in the perito- of these three groups. Hematocrit values
neal cavity after 3 hours was approximately ranged from 43 to 46 percent in Group 1
1,000-fold less in this group as compared to animals, 41 to 47 percent in Group 2 an-
the group with E. coli-hemoglobin peritoni- imals, and 47 to 54 percent in Group 3 an-
tis, and at 22 hours (or death) this dif- imals.
ference was even more marked. Blood cul- Experiment I11. The results of serial de-
tures which were obtained from intra- terminations of tagged plasma absorption
cardiac puncture revealed no significant dif- in dogs for a 5 hour period starting 2 hours
ferences between these two groups of animals after the intraperitoneal challenge are noted
during the initial 5 hour period of observa- in Fig. 1. In this figure, Group I nutrient
tion. Counts ranging from 5 x 103 to 4 x UiP broth controls are compared with animals
organisms per cubic centimeter of blood were challenged with E. coli and E. coli-hemo-
found in the blood of all animals put to globin solution. Animals that were chal-
death 1 to 5 hours after intrApc-itoneal chat. lenged with just hemoglobin or saline are
lenge. At 22 hours (or death), only those not listed in Fig. 1, but the plasma-dye con-
animals dying had a bacteremia. centrations of these animals were identical to

Experiment II. The absorption of dye. those of the Group I animals which had re-
tagged protein from. the peritoneum follow- ceived only nutrient broth as a challenge.
ing the induction of experimental peritonitis These results parallel those of the Experi-
is shown it, Table II. The concentration of ment II, and demonstrate that a decrease in
Evans blue dye in the plasma of these three peritoneal absorption occurred --.hen hemo-
groups of animals was quite different. There globin was added to the E. coli suspension,

Table II. Rat plasma dye concentration 1/2 hours after intraperitoneal injection of
dye and 3/2 hours after intraperitoneal injection of E. coli with and

without hemoglobin

Plasma Evans blue dye concentration

Group I Group II Group III
(nutrient broth control) (E. coi) (E. coli + hemoglobin)

AnimalNo, (mg./L.) (mg./L.) I (m./L.)
1 36.40 12.00 0.65
2 26.40 18.30 3.75
3 24.40 6.60 0.65
4 16.80 15.90 0.25
5 25.20 20.10 1.00
6 28.80 12.90 1.30
7 31.10 11.40 2.05
8 24.00 21.30 1.65
9 19.50 15.30 0.50

10 29.40 23.40 0.90

Mean t S.E. 26.20 ± 2.98 15.72 ± 1.55 1.27 -t 0.31
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whereas nutrient broth, saline, and hemo- 5 hour period in Groups 1, 2, or 3. This is
globin alone had little effect. The absorption after dye concentration reached an average
was subjected to statistical analysis, and a of 25 mg. per liter. In Groups 4 and 5, in
comparison of the mean absorption during which peritoneal absorption was decreased,
this 5 hour period between the five 6 roups a persistent increase in dye concentration
based on regresssion analysis was 18.0 mg. occurred, so that after 24 hours there were
per liter with nutrient broth, 17.1 urig. per no significant differences in plasma dye con-
liter with hemoglobin, 17.0 mg. per liter with centrations between any of the groups.
saline, 11.4 mg. per liter with E. coli, and Hematocrit values were quite similar in all
5.4 mg. per liter with E. coli plus hemo- groups of dogs, and ranged from 40 to 50
globin. Evans blue dye concentrations in the percent.
plasma at 8 hours and 24 hours after chal-
lenge are not listed in Fig. 1, but results DISCUSSION
showed that the plasma concentrations of Previous studies with rats and dogs have
dye did not increase significantly after the demonstrated that an intraperitoneal injec-

30,

28

26 NUMENT UROT

24. (Control)

2-2

l IS£E. coli

5

° T
1 0

£L

0 .0

1 2 3 4 5
Hours Post IP Injection of Evans Blue Dye

Fig. 1. Peritoneal dye absorption in dogs following intraperitoneal injection of E. cori with
and without hemoglobin.
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tion of E. coil (10" to 10"1 organisms) is not tion of tagged protein were ten times higher
lethal. If, however, hemoglobin at con- in th! former group. Since plasma con-
centrations of 4 Gm. percent or greater is centration of tagged protein, rather than to-
added to the inoculumn, approximately 70 tal amounts of tagged protein, was used as
percent of the animals die in 22 to 24 hours.? a measure of absorption, one might argue
The observed lesions are similar to those that differences in circulating plasma vol-
found following the intravenous injection of umes between the two groups might account
purified bacterial endotoxin. Defining the for the measured differences in concentra-
role of hemoglobin in this system has been tion. It is well known that peritonitis causes
the purpose of these and other studies. an exudation of plasma into the peritoneum

The results of the present experiments in- and, the more severe the peritonitis, the
dicate that absorption of bacteria from the greater the amount of exudate. Utilizing the
peritoneal cavity is reduced when a lethal average hematocrit values found in the two
peritonitis is induced by the addition of groups of animals, and assuming no differ-
hemoglobin to an otherwise nonlethal E. coli ences in red cell mass, calculations show that
intraperitoneal inoculation, the circulating plasma volume in the ani-

Direct bacterial counts of organisms re- mals with E. coli-hemoglobin peritonitis was
maining in the peritoneum 5 hours after in- about 20 percent (or 2 c.c. in 250 Gm. rats)
traperitoneal bacterial injections reveal that less than in those with E. coli peritonitis.
the addition of hemoglobin to the inoculum This calculated figure correlates well with
results in the recovery of a thousand times the difference in peritoneal exudate actually
more bacteria than when hemoglobin is not found when the quality of exudate is com-
added. Since iable organisms were counted pared in several animals from each group.
by our method, one might also interpret The interpretation of this difference in plas-
these findings to mean that no chatige in ma volumes suggests that: (1) the observed
bacterial absorption occurred, but that he- concentration of tagged protein in animals
moglobin retarded local defense mechanisms with E. coli-hemoglobin peritonitis repre-

allowing unopposed bacterial growth in the sents even less total absorption of tagged
animals challenged with hemoglobin and material than in animals with E. coil peri-
bacteria. Steinberg," however, has shown tonitis, and (2) even if plas-na lot as exu-
that phagocytosis provides the major means date into the peritoneum of animals with
of bacterial destruction in the peritoneum. E. coli -hemoglobin peritonitis contained
and Balch and Kelly2 found no alteration tagged protein at its maximal conrentration,
of the bactericidal capacity of polymorpho- this 20 peicent difference in volume could
nuclear leukocvtes against E. coli or Staph- hardly be expected to account for the ob-
ylococcut albus in the presence of hemo- served 1,000 percent difference in plasma
globin. Davis and Yuli7 have suggested that concentrations of tagged protein.
hemoglobin may block the reticuloendothe- The methods utilized in Experiments I and
lial system, but confirmatory studies have II both reveal that the addition of hemo-
not been reported. glnhin to intraperitoneal E. coli injections

The results of Experiment II further sup- causes a decrease in peritoneal absorption;
port the thesis that a decrease in peritoneal however, the degree of decrease was quite
absorption of particulate matter is respon- different for each method. The bacterial
sible for the observed differences in bacterial counts revealed a thousandfold decrease
counts. A comparison of peritoneal absorp- (Table I) whereas, the tagged plasma ab-
tion of tagged protein in rats with estab- sorption was decreased tenfold (Table II).
lished E. coli peritonitis to the absorption in This might be construed to mean that bac-
rats with E. coli-hemoglobin peritonitis re- teria and protein are absorbed by different
veals that piasma Evans blue concentrations mechanisms. However, it seems far more
90 minutes after the intraperitoneal injec- likely that this discrepancy is due to bacterial
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multiplication. Each bacterial cell which is The present studies do not explain why
not absorbed from the peritoneum and re- the addition of hemoglobin to the E. coli
ma.ns viable has the ability to multiply about suspensions hinders peiitoneal clearance of
every 20 minutes. Therefore, the number of organisms. As ntuted in Experiment III, when
bacteria observed in the peritoneum depends hemoglobin without organisms is introduced
riot only on the number absorbed but also into the peritoneum, the absorption of tagged
on the number of new organisms formed, protein particles is no different from the
One bacterial cell not absorbed from the absorption of sterile nutrient broth. E. coli
peritoneum represents eight bacterial cells in organisms alone, on the other hand, will de-
the peritoneal cavity 60 minutes later. On press tagged protein absorption. Somehow
the other hand, only the tagged protein which the combination of E. coli and hemoglobin
is added to the peritoneum retains the Evans exerts an even greater depressive effect. We
blue dye, and the total number of tagged have thought that perhaps particle size or
particles remains constant. One tagged par- particle numbers in relation to the blocking
ticle not absorbed represents one tagged par. of the stomas in the diaphragmatic ped-
ticle 60 minutes later. toneum may be influential. This is the sub-

Quantitative bacterial counts in the blood ject of a subsequent report.
of animals in Experiment I did not reflect Many mechanical factors can also influ-
the changes in peritoneal absorption of or- ence peritoneal absorption. 10, '1 For example,
ganisms. This is not surprising, since blood general anesthesia, situations where respira.
levels of bacteria represent not only those tory excursion is decreased, and positioning
organisms which are added to the circulation so that gravity favors the flow of material
from the peritoneum but also those bacteria away from the diaphragm all may result in
which are removed and then added back to decreased peritoneal absorption. In the pres-
the circulation from the tissues. ent study there was no apparent difference

Evidence that bacteria are absorbed from in respiration between the gmups of animals.
the peritoneal cavity in a fashion similar to The animals were all unanesthetized at the
that of protein can be found in numerous time of induction of peritonitis and were
previous investigations. Early studies showed allowed to rest in their cages in the prone
that saline solutions were absorbed directly position. It is possible that hypotension might
from the general peritoneal cavity into the change peritoneal absorption, but, in other
blood.5' Soluble ion exchange between the studies i i our laboratory utilizing this same
blood and peritoneum followed the laws of model, no hypotension was noted during the
diffusion and osmosis and was not driven by first 8 hours following the induction of E.
other forces, chemical or mechanical.3' 1J coli-hemoglobin peritonitis.
Peritoneal absorption of particulate colloidal In addition to the changes in absorption
substances and large molecules involves dif- of large particles, such as protein and bac-
ferent mechanisms. Many workers', 6. 10 have teria, studies by Millers demonstrate changes
shown that all these larger particlets are ab- in the absorption of smaller soluble particles
sorbed primarily through the diaphragmatic when the peritoneum is inflamed. In con-
peritoneum and gain entrance into the dia- trast to the depressed absorption of large
phragmatic lymphatics. Stomas in the dia- particles which we have observed, absorption
phragmatic peritoneum have been described '  of readily diffusible compounds such as glu-
through which large particles pass on their cose and the dye bromphenol blue is actually
way to the lymphatics. After entering the accelerated.
subserosal lymphatic plexuses, particles enter Regardless of the exact mechanism,
the diaphragniatic lymph capillaries and changes in peritoneal absorption may have
eventually transverse the anterior mediasti- much significance in the pathogenesis of
num to enter the bloodstream via the right lethal peritonitis. Decreased absorption of
lymphatic or thoracic duct. bacteria will allow bacterial multiplication in
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